The course of infection with an attenuated strain of fowlpox virus (FPV), which is known to induce antibody-independent activation of complement via the alternative pathway, was investigated in 1-to 3-day-old chickens and 14-day-old chicken embryos by treatment with cobra venom factor (CVF). CVF was found to inhibit complement activity transiently via the alternative pathway but not via the classical pathway. In chickens treated with CVF, virus growth in the skin was enhanced, and pock lesions tended to disseminate, leading to fatal infection in some birds. Histologically, an acute inflammation at an early stage of infection (within 3 days) was inhibited, and virus content in the pock lesion was increased. In chicken embryos with immature immune capacities, CVF treatment caused changes in pock morphology from clear pocks to diffuse ones, an increase in virus content in the pock, and inhibition of cell infiltration. Thus, FPV infection was aggravated in both CVF-treated chickens and chicken embryos. These results are discussed in relation to roles of complement in the elimination of virus at an early stage of FPV infection.
After the first demonstration of antibody-independent activation of the alternative complement pathway by tumor cells (8) , cells infected with several viruses have been shown to cause similar complement activation (2, 9, 10) . We previously reported (6) that infection of chicken emnbryo cells with a vaccine strain of fowlpox virus (FPV) causes antibodyindependent activation of chicken complement via the alternative pathway, leading to an inhibition of virus growth in vitro. Since deposition of the third component of complement (C3) was demonstrated in FPV-infected skin lesions of the chickens at the progressive stage of lesion development, the significance of complement as an early nonspecific defense mechanism in this virus infection was suggested.
In the present study, chickens and chicken embryos were experimentally depleted of complement by treatment with cobra venom factor (CVF), which inactivates chicken C3 by activation of the alternative pathway, and the course of FPV infection in these birds was investigated to clarify the roles of complement in virus infection in its natural host.
MATERIALS AND METHODS
Chickens. Chicken eggs were purchased from SPAFAS, Inc. (Norwich, Conn.), confirmed to be free from various microbiological infections including FPV, hatched in our laboratory, and raised in an isolator system. The chickens were used at 1 to 3 days of age. Chicken embryos were used at 14 days of incubation.
Virus. A vaccine strain of FPV (Chick-N-Pox; strain no. 946, Gen Corp.) which was previously shown to cause antibody-independent activation of complement was used (6) . Stock virus was prepared in cultures of chicken embryo cells, and the infectivity titer of the stock virus was 106-3 median tissue culture infectious doses (TCID50) per ml.
Treatment with CVF. CVF was purified in this laboratory by the method of Lachmann et al. (4) . CVF (500 U) was injected subcutaneously into chickens or into the yolk sac of chicken embryos.
Titration of complement activities. The functional activities of complement via the classical and alternative pathways were titrated by the lysis of sheep erythrocytes sensitized with hemolytic antibody and by the lysis of normal horse erythrocytes, respectively, as described previously (7) . Briefly, 50 [L of diluted test serum was mixed with an equal volume of erythrocyte suspension in microtest plates (Nunc, Roskilde, Denmark), and the mixture was incubated at 37°C for 60 min for sensitized sheep erythrocytes and 90 min for horse erythrocytes. The reciprocals of the highest dilutions of serum giving 50% lysis of the erythrocytes were taken as complement titers.
Proliferative response of spleen cells to phytohemagglutinin.
Phytohemagglutinin-induced blastogenesis of spleen cells was examined as described previously (11 and humoral immunities remain immature while functional complement activities are developed (unpublished data). The embryos were injected in the yolk sac with CVF and inoculated with FPV on the chorioallantoic membranes on the same day. After incubation for 4 days, the chorioallantoic membranes were examined for morphological changes and virus growth. The results are summarized in Table 2 . Diffuse pocks with microscopic hyperplasia changes developed in the CVF-treated embryos. In the untreated embryos, clear pocks developed, and their microscopic features were characterized by the infiltration of heterophiles and degeneration in addition to the hyperplasia observed in the CVF-treated embryos. Virus growth was 100-fold higher in the CVF-treated embryos than in the (2, 9, 10) . Thus, the significance of complement as a nonspecific defense mechanism in virus infections has been paid increasing attention. FPV is one of the viruses which cause antibody-independent activation of complement (6) . Virus growth and virus-induced lesions are localized in the skin, so the general course of FPV infection can be followed by examination of skin lesions. Moreover, CVF, which is known to deplete mammalian complement by the activation of C3 (1, 5) , was found to decrease complement activity of chickens in a preliminary experiment (unpublished data). Similarly, FPV infection can be examined by observing the pocks on the chorioallantoic membranes of chicken embryos in which immune capacity is still immature but the complement system is developed. On the basis of these considerations, the effect of CVF on FPV infection was examined both in chickens and chicken embryos.
CVF was found to decrease complement activity via the alternative pathway, and it was suggested that CVF caused the activation of C3 by this It is noteworthy that cellular infiltration into the virusinduced lesions occurred in the CVF-untreated chickens as early as day 2, when the specific immune response has not yet developed. The infiltrating cells consisted of heterophiles, macrophages, and lymphocytes. Cell infiltration was not observed in the CVF-treated chickens. In a previous paper (6), FPV-infected cells were shown to activate the alternative complement pathway. Consequently, it is suggested that the generation of chemotactic factors (3) by the complement activation of virus-infected cells resulted in cellular infiltration. The finding that only heterophiles infiltrated the chorioallantoic membrane lesions of chicken embryos indicates a primary importance of heterophiles in the nonspecific defense mechanisms in the embryonic stage before maturation of the lymphocyte and macrophage system.
One dose of CVF was apparently effective in chicken embryos, whereas three doses were required in chickens. The administered CVF may have persisted longer in the embryos because of the poor capacity of the host to eliminate foreign materials. In this respect, the embryos may be a suitable host for complement-depletion experiments with CVF.
